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INVESTIGATION  OP  THE  E>:iSTENCE  OF  OJOiANIONS 
OF  FLUORINE  AND  NITROGEN  AND  THE  NITROGEN- FLUORINE  CATIONS 


Summary 

1.  Hie  preparation  of  trans-NgP^  from  N2F4  and  AlClg  in 
a  flow  system  Is  described. 

2.  The  thermal  isomerization  of  trans-NaPg  to  give  cla- 
NaPg  must  be  conducted  at  low  pressure  to  avoid 
decomposition. 

5.  Both  cis  and  trans-NgPg  are  Inert  to  water  at  ambient 
temperatures  but  hydrolyze  slowly  at  7A-9o*C  yielding 
mainly  nitrogen,  oxygen  and  hydrofluoric  acid. 


DNgPa  +  2H2O  2N2  +  02  +  4HF 


Only  minor  amounts  of  N2C  and  NOa"  are  formed. 

4.  The  hydrolytic  reactions  of  the  N2F2  Isomers  are  first 
order  with  respect  to  the  nitrogen  fluorides. 

5.  Unlike  NF3,  cis  and  trans-NgPe  are  not  hydrolyzed  via 
nucleophilic  attack  In  aqueous  solution  as  shown  by 
the  fact  that  caustic  soda  does  not  significantly 
accelerate  the  reactions. 

6.  The  mechanism  of  hydrolysis  of  cis  and  trana-N2P2 
probably  Involves  a  blmolecular  vapor  phase  decomposition 
reaction  of  the  type 


N2P2  +  M  112"^  P2 


M  "5°  « 


^2 


+  1/2 O2  +  M 


2  HP 


(M  =  any  molecule) 


No  stable  intermediates  are  formed  in  the  hydrolysis 
reactions  of  cis  or  trans-N2p2. 


7. 


Lmenta , 


geneml  experimental  procedures  Tol lowed  in  this  work 
have  been  described  in  previous  quarterly  repoz^ts  (HO  76-5  6) 

Details  of  spaolflc  experiments  are  g  ,en  In  the  riievLt 
sections  of  the  RESULTS  AND  DISCUSSION  section. 

Mixtures  of  nitrogen  and  oxygen  were  frequently  formed  in 

necessary  to  devise  an  analytical 
method  suitable  for  determining  the  concentration  of  these 
gases  3.n  small  samples,  ihe  following  procedure  was  found 
to  be  convenient  and  sufficiently  accurate: 

^e  total  amount  of  non-condensible  gas  present  was  determined 
by  drawing  the  volatile  products  through  liquid  nltrogen- 
cooled  traps  with  a  TSpler  pump.  After  establishing  the 
absence  of  nitrogen  fluorides  or  other  compounds  by  Infrared 
spectroscopy,  a  s^ple  of  the  gas  of  known  pressure  and 
volume  was  weighed  to  establish  the  molecular  weight  and  thus 
demonstrate  the  absence  of  hydrogen.  Ihe  molecular  weight 
bulb  containing  the  gas  at  reduced  pressure  was  opened 
briefly  to  a  large  volume  of  nitric  oxide  at  over  twice  the 
px»essure  of  the  sample  gas,  ©le  resulting  mixture  was  allowed 
to  stand  at  ambient  temperature  for  30  minutes  to  ensure 
completion  of  the  reaction 


•HO  +  Qb  ^  2MO2 


gas  (Na)  was  again  measured 

with  the  Topler  pump. 

Because  of  the  high  volatility  of  nitric  oxide  some  of  this 
material  invariably  passed  the  liquid  nitrogen  traps  and 
contaminated  the  nitrogen.  The  amount  of  NO  present  in  the 
recovered  Ng  was  determined  by  infrared  spectroscopy,  it 
snould  be  noted  that  nitric  oxide  is  particularly  susceptible 
peak  intensification  as  a  result  of  pressure  broadening 
wherefore  necessary  to  measure  calibration  peaks 
^  the  same  total  pressure  as  that  of  the  unknown  sample. 

The  subject  of  pressure  broadening,  especially  in  relation 
to  the  nitrogen  fluorides,  will  be  discussed  more  fully  in 
the  next  quarterly  report. 


fCeSuits  and  Dlsenisnlon 


ppeparatioti  or  tx-ans-HgFs 


The  batch  preparation  or  trans-N^Ps  by  the  reaction  of  H^p4 
with  AlCls  was  described  in  the  preceding  quarterly  report 
(nmC-6}. 


3N2P4  ”1"  SA^Cls  *■  jhsC’g  ^  3CI2  +  2Aii'‘3  I 


This  process  has  been  adapted  to  oria  11- scale  flow  systems 
with  excellent  results.  loiproved  yields  of  have  been 

obtained  from  the  flow  reaction  as  compared  with  those 
previously  r*eported  for  static  systems  vs.  ca.  40"^ 

based  on  the  amount  of  N0P4  taken) . 

The  apparatus  used  in  the  preparation  of  cis-h^Pp  is  shown 
in  Figure  1.  Each  of  the  five  traps  (120  ml)  is  constructed 
of  Pyrex  glass  using  100  mm  sections  of  iB  mm  tubing  for 
the  side  arms.  The  arms  of  trap  Ts  terminate  in  I8/9  ball 
Joints  to  facilitate  removal  for  cleaning  and  reloading  with 
the  solid  reagent.  Anhydrous  aluminum  chloride  ^17  g)  is 
placed  in  the  reaction  trap  ip  and  sublimed  (under  dry 
nitrogen)  onto  the  walls  of  the  side  arm  by  heating  the 
bottom  of  the  trap  with  a  bunsen  burner.  The  AICI3  coating 
should  he  as  evenly  distributed  as  possible. 

After  connecting  the  trap  Tp  into  the  reaction  train  the 
entire  system  is  thoroug.hly  evacuated  and  valves  Vr ,  Vp  ,  V3 
and  ¥/4  are  dosed.  Traps  Tx.  T3.  T4  and  T5  are  immer-sed 
in  liquid  nitrogen  and  trap  Tp  Is  cooled  with  an  acetone-COp 
bath,  which  must  reach  above  the  level  of  the  Aids-  After 
the  desired  amount  of  NpF4  C-ip  to  5^  mmoles)  has  been 
distilled  into  trap  Ti  thr'=ugh  valve  Vi,  the  liquid  nitrogen 
bath  around  this  trap  Is  i-eplaced  by  a  slush  bath  of 
methyleyclohexane  or  n-pentane ,  Valve  Vp  is  opened  briefly 
to  allow  smm  SpF4  to  pass  into  ^Tap  Tp.  The  Npp4  vapor 
should  be  allowed  to  rasain  In  conta^^t  with  the  aluminum 
Cfiloride  for  about  3‘-»  otinutes  in  order  to  activate  the  solid 
and  produce  some  eleiieritary  nitrogen.  V-lvo  Vp  is  opened 
fully  ahd  impe dia t e ly  thereafter  valve  V^  is  opened  Just 
enough  td  produce  a  slowly  increasing  pressure  as  indicated 
by  the  F**  oil  manometer.  Valve  "S  should  be  adjusted 

until  the  pressure  increases  at  a  rate  of  approximately 
10  mm  oil /minute  (l.A  mm  fim /minute  -  once  the  flow  rate 
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of  approximately  10  mmoles/hour  is  satisfactory  for  a 
reaction  tube  oi  the  approximate  dimensions  described  above. 
TliO  condensible  raw  product  which  collects  in  traps  T3,  T4 
and  Ts  (oi-  a  single  trap  of  greater  efficiency)  consists 
mainly  oi^  a  mixture  of  trans-NsFa  ^^nd  chlorine  along  with 
traces  oi  HCl  and  MF3.  The  chlorine  may  be  removed  by  vacuum 
distillation  from  a  trap  cooled  in  isopentane  slush.  It  is 
recommended  that  the  product  bo  vcashed  with  dilute  caustic 
soda  to  destroy  the  last  traces  of  halogen  and  HCl.  Any 
hPa  present  can  be  eliminated  by  prolonged  pumping  on  the 
material  at  -19h“C  or  by 
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reaction  generates  nitrogen  continuously  and  thus  the 


The 

escape  ol  this  gas  irom  the  reactor  provides  a  measure 
of  the  rate  at  which  the  starting  mateiial  is  passing  over 
the^AlCla.  It-  Is  imperative  th-at  the  nitrogen  be  allowed  to 
buij-d  up  in  trap  Te  during  the  activation  period  and  that 
valve  ^3  be  openoa  very  slowly  if  the  rate  of  escape 
is  to  be  used  as  an  indication  of  the  flow  rate 


or 


of  Ns 
the  N2P4 . 


The  islush  bath  around  trap  Ti  serves  to  limit  the  pressure 
of  the  starting  material  to  about  20  mni  He.  Obviously  a 
mechanical  pressure- reducing  device  may  be  used  in  place  of 
the  cooled  trap  Tx  and  a  flow  meter  may  be  substituted  for 
the  oil  manometer  desciibed  above.  Under  these  conditions 
care  should  be  exercised  that  the  pressure  of  11324  in  the 
reactor  be  kept  below  20  mm  Hg  in  order  to  avoid  side 
reactions  which  lead  to  the  formation  of  NP3 .  A  flow  rate 
of  approxiiiiately  10  mmoles/hour  Is  satisfactory  for  a 
reaction  tube  of  the  approximate  dimensions  described  above. 
The  condensible  raw  product  which  collects  In  traps  T3,  T4 
and  Ts  (or  a  single  trap  of  greater  efficiency)  consists 
mainly  of  a  mixture  of  trans-N^Pa  and  chlorine  along  with 
traces  ot  HCl  and  NP3.  The  chlorine  may  be  removed  by  vacuum 
distillation  from  a  trap  -coaled  in  isopentane  slush.  It  Is 
i^econimended  taat  the  product  be  washed  with  dilute  caustic 
soda  to  destroy  the  last  traces  of  halogen  and  HCl.  Any 
NP3  present  can^be  eliminated  by  prolonged  pumping  on  the 
material  at  -lu6*C  or  by  repeated  distillation  of  the  gas 
into  a  liquid  nitrogen-cooled  trap  open  to  an  efficient 
vacuum  pump. 

In  a  typical  reaction  carried  out  as  described  above,  N2P4 
{17*8  mmole)  1 rom  a  trap  cooled  with  methylcyclohexane  was 
passed  over  AICI3  (ito?  g)  over  a  period  of  2  hours.  Ibe 
product  was  purified  by  trap- to- trap  distillation  followed 
by  washing  with  water.  A  final  distillation  yielded  8.5 
mmole  of  N^Pg  (48^7)  contaminated  w^  th  less  than  C.2^  NFa. 

No  other  impurities  were  detectable  in  the  infrared  spectrum 
of  the  material  at  25o  fiiB  Hg. 


Isomerisation  of  trans-MgPg 

The  thenaal  Lnterconversion  of  the  els  and  trans  foimis  of 
NaPe  has  be£?n  described  by  Colbuxn  et  al  1. 


H  dFolysls  of  els  and  trans 


P*"!!?  aiithcri'S  havc  viookod  ViLth  oi f luoFodl a z  1  oe  hpve  failed 
to  eosiBient  on  ^he  “vast”  dirfFroneo  ir  the  r^^act-^  vl  tiee  of 
the  two  ’Som^rs.  jt  In  tla 
H^P^  Is  only  sJiKht  ly  morr? 

by  watf^F.  Both  copipoiinds  are  uriaffected  by  water  at  bO^C 
over  peioods  of  lb  riouro.  The  cls-comjiourid  hydrolyses  slowly 
In "17  hours)  at  y'  n  while  the  trans-l soiaer  reacts  at 
a  siifillap  rats  et  In  i.ach  csst  the  major  products  are 

ni  tFQgen,  o’^ygen  and  hy  '^Fogen  riu-orjde. 


therefore  surprlsinr  that  trans- 
if  sisMi  1.7  i.!,-i>lst3iit  ^an  cls— H2P2  to  attack 

ir-j=^0  ei  Vi^  4  li-i '-.i  .A  4-  .=-1. --i  i-.tr  -«  1--  4- 


IV 


Olt-  ^ 

t-  ^ 


Nitrons  oxide  and  NO3  are  also  ftinstfo.  but  only  In  relatively 
minor  quantities,  ^  le.iauiv,!;^ 

^  number  of  hydrolytic  experiments  with  cis 

and  trans  difluorodlazlne  are  summarised  In  Tables  IT  and  tit 
and  Figures  2  and  laoies  ii  ana  iii 

The  data  In  Table  IT  and  Figure  2  were  obtained  by  reacting 

Nacl^fl  tii  of  water,  aqueous 

aCH^(2  N)  or  aqueous  HCl  (0.5  The  reaction  vessels 

consorted  of  Pyrex  ampoules  fca.  135  cc)  equipped  with 
multiple  break- sea Is  which  allowed  the  temporary  removal  of 
volatile  products  at  intervals  during  the  experiments. 

Inirared  spectroscopy  was  generally  used  In  estimating  the 
concentration  of  the  nitrogen  fluorides. 

In  Fig.  2  the  line  "A”  drawn  through  the  circled  points 
depicts  the  logarithmic  rate  of  change  In  the  number  of  milli¬ 
moles  of  trans-N^Fs  in  contact  with  water  at  8q°C  as  a 
function  of  time.  The  lino  "B”  was  obtained  by  plotting  the 
function  log  {No-2/3n)  against  time  where  is  the  Initial 

amount  of  trans-N^Ps  present  and  n  is  the  total  amount 

non-condensible  gas  +  Os)  which  had  been 
pi^oduced  in  the  indicated  time-  Hie  linearity  and  nearly 
parallel  slopes  of  these  two  lines  demonstrate  three 
significant  facts; 
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trans-N^F^  (■  aiola) 


HYOROIYSIS  OF  IT  8i“C 

2  2 


I)  trans  -  4  H^O  (Sal) 


FiSURE  2 
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Values  In  parentheses  are  actual  values  in  mmioles  that  were  carried 
forward;  decrease  was  due  to  mechanical  handling  loss. 

Compensation  for  this  loss  was  made  in  plotting  the  data  in  Fig. 
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1.  me  reaetlon  is  first  order  with  resoect  to  trans- 

MsPs. 

2,  Hi#  stoictiiofiietry  eorr'esponds  closely  to  reaction  IV 
fwith  the  deviation  at  least  partly  due  to  the 
fonsation  of  MsO  and  MOs’)* 

5-  InterfBedlates  with  deteetably  long  lifetimes  are  not 
produced* 

me  lines  C  and  **0  were  obtained  from  experiments 
involving  aqueous  NaOH  (2  H)  and  aqueous  HCl  (0.5  N) 
respectively  and  were  plotted  on  the  same  basis  as  line  "a". 

A  similar  set  of  experiments  involving  a  mixture  of  els  and 
trans-Hj^Pg  (^7^  cis)  at  is  recorded  in  Fig.  3  and 

Table  III.  me  log  of  the  numbei  of  millimoles  of  the  trans 
(line  ”E”)  and  cis  isomers  (line  "P”*  circlled  points)  is 
again  shown  as  a  function  of  time.  The  points  within  the 
squares  express  the  rate  of  formation  of  non-condensible  gases 
iroffi  cis— NgPs  in  terms  of  the  function 


log  -  (2/5  n  -  ^  n 


where  is  the  initial  amount  of  the  cis  Isomer  present,  n 
Is  the  total  amount  of  non— condensible  gas  which  has  been 
produced  at  any  time  and  ^  is  the  amount  of  the  trans 
isomer  reacted  as  given  by  line  ”e".  The  non- condensible 
function  is  theoretically  equivalent  to  line  ”p"  on  the  basis 
of  reactioh  IV*  However,  the  close  correspondence  of  the 
two  sets  of  data  Is  partly  fortuitous  since  detectable 
quantities  of  N2O  were  also  formed* 

A  'ter  the  completion  of  the  above  experiments,  the  remainirig 
isomeric  mixture  was  allowed  to  react  with  2  N  NaOH 
(Heactlon  12)  under  similar  conditions  of  temperature  and 
pressure.  Mo  change  in  the  reaction  rate  or  products 
occurred  as  is  indicated  by  the  points  in  parentheses  in  Pig. 
3  * 

Hie  hydrolytic  behavior  of  N2P2  is  anomalous  as  compared 
with  that  of  the  other  binary  nitrogen  fluorides;  nitrogen 
trlfluoride  and  dlnltrogen  tetraf iuoride  both  yield  the 
corresponding  oxides  or  oxyanlons  of  nitrogen  under  mild 
conditions  with  base.  Hiis  observation  suggests  that  the 
mechanism  of  the  M^P^  reactions  is  not  the  same  as  that  of 
MF3  or*M2p4^. 

The  basic  liydro lysis  of  MF3  has  been  shown  to  occur  via 
nueleophilie  attack  In  solution  and  there  are  indications 
that  lljfP4  behaves  similarly* 
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Il  this  ffieshaiilsis  were  Involved  in  th^  hvdrol^^s-*  a*'  n 

*>«  »  theSJ;”; 

unlikely  that  nucleophilio  attack  is  a  fna^oT*  %eteT‘  in 
Mditional  support  for  this  conclulton% 
provided  by  the  data  in  Thhles  II  and  III  and  Figures  2  and 
5  Mhere  it  is  shown  that  the  rates  of  hvdrolysis^of  cis  and 
t™^N^P3  are  first  order  with  respect^  to  the  nll^ogen 
fluo^des  and  that  these  rates  are  only  slight iv  -itered 
in  the  presence  of  the  strong  nucleophile  0H~,  Also  li 
contrast  to  the  reactions  of  NF3  and  !-:^p4 .  the  rate  of  * 
react  on  of  trans^M^Ps  was  only  moderately  accelerated  by  HCl, 

^e  kncahi  therraodynaiale  Instability  of  N^P,  makes  it 

to  conside."  not  only  direct  chLfeS  awiL  by  water 
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OH  ,mF  4  HP 
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O2  f  Na  2HP 


but  also  the  therniai  decomposition  of  the  nitrogen  fluoride 


HgO- 

Nc  +  Ps  - - +  1/2  O2  +  2HF  vt 


f£  interest  is  the  possibility  of  competing  reactions 
with  the  glass  reaction  vessels* 

m  an  attempt  to  resolve  these  ouesfclons,  a  study  was  made 
™-hpdrolytle  decomposition  of  the  M^F^  Isomers. 

two  oompounds  at  low  pressures  were  heated  in 
both  alone  and  in  the  presence  of 
nitrogen  at  relatively  high  pressure.  The  effect  af 

^creased  glass  surface  area  on  tne  decofsposi  tion  01  irans- 

Hcre  was  a^so  investigates.  The  results  of  thes«^^  eYner^ments 
are  summarised  in  ^ble  I¥.  '  eenmencs 


Control  run  to  establish  effiolonoj^  of  recovery  technique 
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TABLE  IV 


in  Ts^le  that  pure  trariS-N^Pg  decoisnoses 

slowly  In  glass  at  8y  c  under  low  nressoi^  and  that  the  rate 
tends  to  increase  in  the  presence  of  --n  ejceess  of  Inert  gas* 
^  ^^oeleratlng  effect  occurs  with  the  els  isoiner^at* 

f  C.  Trie  reaction  under  nitrogen  apparently  does  not 
involve  attack  on  glass  by  (unactivated)  trans-H^Fs  since 
the  fate  was  essentially  unaffected  by  a  large  increase  in 
fche  surface  area  of  the  reactor.  The  corresponding  surface 
a^a  data  for  the  cis  isomer  have  not  yet  been  obtained. 

The  extent  of  deccnnposltlon  of  els  and  trans-H^^Fg  with 
nitrogen  was  approximately  half  that  recorded  for  reactions 
involving  an  equivalent  vapor  pressure  of  water. 


Xn  view  of  the  above  evidence  it  niust  be  concluded  that  the 
reactions  of  cis  and  trans— NpPg  cannot  adeouately  be 
described  In  terms  of  simple  hydrolytic  attack.  The  fact 
that  water  is  more  effective  than  nitrogen  in  decomposing 
NgFs  may  be  the  result  of  a  contributing  hydrolytic  mechanism 
Such  as  Vl,  but  it  is  equally  possible  that  the  water 
molecule  merely  acts  as  a  more  efficient  physical  agent  ^n 
promoting  the  decomposition.  In  this  connection  it  should  be 
noted  that  nitric  oxide  was  found  to  be  more  than  twice  as 
active  as  water  in  destroying  trans  N^Ps.  On  the  basis  of 
these  observations,  the  hydrolysis  of  the  isomers  may  best  be 
written  In  the  form 


N2P2  +  HgO  +  M  ^  Ns  +  1/2  O2  ^  2HP  +  M  VIII 


where  M  is  any  gaseous  molecule. 

the  kinetic  measurements  do  not  provide  data 
which  can  be  used  to  differentiate  between  decomposition  to 
the  elements  and  the  formation  of  an  activated  inteimiediate 
as  the  rate-determining  step. 

Past 

T,  ..  Slow  *  H^O 

N2P2  4-  M  KgPa  '  +  M  — - >Froducts  IX 

Si  O2 

Iff  /a 

-w  5.? -S^  » 

In  the  particular  case  of  the  trans  isomer,  cis-M^Fa  could 
be  Joimied  as  an  Intermediate.  However,  it  is  worth  noting 
that  no  detectable  quantities  of  cis-MsF^  were  generated  In 
the  above  reactions  of  the  trans  isomer- 

As  was  previously  noted,  the  effect  of  glass  surface  area  on 
the  decomposition  of  cls-NgPs  has  not  yet  been  determined- 
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is-Ps 


at 


?eB8ure  and 


Colbam  et  al’  reported  that  cis- 

asMent  temperature  reacts  coBipletely  with  glass  within  two 
weeks.  In  contrast j  experiments  in  this  laboravorv 
indicate  that  at  reduced  pressure  no  measurable 
decomposition  occurs  with  either  water  or  glass  over  a  ceriod 
of  15  hours  at  6o®C  or  several  days  at  25®-30**C.  Thus  the 
reported  decocijosltiori  at  room  temperature  probably  pioceeds 
via  a  pressure-sensitive  vapor  phase  rea '•tion  lather  than  by 
direct  attack  on  the  glass. 
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